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The effects of transthoracic and internal defibrillation on 
the bipolar ventricular pacing threshold in 20 anesthetized 
dogs were examined. Ventricular pacing was accomplished 
with a computer-controlled, constant voltage pacemaker 
that permitted rapid determination of pacing threshold. 
Defibrillation at various energy levels was administered 
during ventricular pacing and after ventricular fibrillation 
of 5, 15, 30, 45, 60 or 120 s duration in the 20 dogs. 
Defibrillation during pacing or within 15 s after initia- 
tion of ventricular fibrillation did not significantly increase 
threshold, regardless of defibrillation energy oi mode of 
delivery. Defibrillation after ventricular fibrillation lasting 
230 s increased (p < 0.05) threshold determined 6 s after 
defibrillation. The increase in threshold (in volts) deter- 
mined 6 s after defibrillation was an exponential function of 
fibrillation duration (30 s = 0.30 f 0.09 V; 45 s = 0.53 f 
0.13 V; 60 s = 2.24 + 1.05 V), but was independent of 
defibrillation energy or mode of delivery. Threshold re- 
turned to control values 15 to 30 s after defibrillation. 
Cardiopulmonary bypass to maintain coronary perfusion 
prevented the increase in pacing threshold even after 
ventricular fibrillation of up to 2 min duration. 
Pacing threshold is not increased by transthoracic or 
internal defibrillation, but is increased by ventricular fibril- 
lation of sufficient duration to create substantial myocardial 
hypoxemia. 
(J Am Co11 Cardiol1989;13:1804) 
The implantable defibrillator has become an important ther- 
apeutic modality for patients with life-threatening ventricu- 
lar arrhythmias (1,2). Unfortunately, significant bradycardia 
has been noted in up to 20% of patients after cardioversion 
(3,4), and may be a problem after defibrillator discharge. 
Thus, ventricular demand pacing with a separate (5) or 
integrated standby pacemaker may be necessary in these 
patients. 
An increase in ventricular pacing threshold immediately 
after defibrillation has been observed clinically (6) and has 
been demonstrated in some (7,8) but not all (9) animal 
studies. Previous studies were limited by the difficulty of 
accurately and rapidly determining threshold and the vari- 
ability of fibrillation duration. 
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The present study examines the effect of transthoracic 
and internal defibrillation on the ventricular pacing threshold 
in anesthetized dogs, utilizing a computer-interactive pace- 
maker that permitted rapid determination of threshold. 
Methods 
Animal preparation. Twenty healthy adult mongrel dogs 
of either gender (weighing 19 to 33 kg) were anesthetized 
with intravenous sodium pentobarbital (30 mgikg body 
weight), intubated with a cuffed endotracheal tube and 
ventilated with room air with use of a Harvard respirator. 
Ventilatory variables were adjusted to maintain arterial pH 
between 7.32 and 7.50 and arterial partial pressure of oxygen 
(PoJ above 55 mm Hg (mean 66 2 3). During the study, 
additional pentobarbital was administered to maintain ade- 
quate anesthesia defined by absence of reflexes. A heating 
blanket was used to maintain normothermia. 
A femoral artery was exposed and cannulated for contin- 
uous measurement (Statham P23Db transducer) and record- 
ing (Beckman model R612) of arterial pressure. The right 
external jugular vein was exposed, and a no. 6F quadripolar 
multielectrode catheter (USC1 model 006692) was intro- 
duced and advanced to the right ventricular outflow tract 
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with fluoroscopic and electrocardiographic (ECG) guidance. 
A tined bipolar endocardial ventricular pacing catheter 
(Medtronic model 6962-65) was also introduced into the right 
external jugular vein and advanced to the apex of the right 
ventricle. 
For ir~ternd dqfihrillariotz in jhrr dogs. the chest was 
opened through a median sternotomy and the heart sus- 
pended in a pericardial cradle. Two 14 cm’ defibrillator 
patches (CPI model A67) were positioned over the postero- 
lateral aspect of the left ventricle and the anterolateral aspect 
of the right ventricle. respectively. The left ventricular patch 
was used as the cathode in all experiments. Defibrillator 
patches were stabilized with one or two epicardial sutures. 
The chest retractor was then withdrawn. 
An rru’diriorztll,fitrrr dogs wct~~ prepared,for twtnothertnic~ 
cttrdiopultnotzar~ hypms by cannulating the inferior and 
superior vena cavae and the femoral artery before placement 
of the internal defibrillator patches, as just described. Car- 
diopulmonary bypass was established with a nonpulsative 
roller pump (Cobe Labs) and a hollow fiber membrane (J & 
J Maxima) blood oxygenator. Heparin (300 U/kg) was ad- 
ministered before initiating bypass. Activated clotting times 
were maintained >480 s throughout cardiopulmonary by- 
pass. 
In all experiments, a surface ECG (bandpass filter 0. I5 to 
30 cps) and an intracardiac (bandpass 30 to 500 cps) ventric- 
ular electrogram (from the quadripolar catheter in the right 
ventricular outflow tract) were amplified (Gould Universal 
Amplifier model 13-4615-58). continuously displayed (Gould 
Oscilloscope model VIOOO) and recorded on a digital re- 
corder (Gould model ES 1000). 
All animals received care and treatment conforming to 
the Position of the American Heart Association on Research 
Animal Use adopted November Ii, 1984 by the American 
Heart Association. 
Ventricular pacing threshold determination. Pacing was 
accomplished by means of a custom-designed, computer- 
interactive (Compaq model 286) constant voltage pacemaker 
(Telectronics. CRS). Ventricular pacing was performed 
through the endocardial bipolar catheter at a cycle length of 
250 ms and a pulse width of 0.512 ms in all experiments. The 
bipolar electrogram from the endocardial pacing catheter 
was continuously digitized (500 Hz/s sampling rate) and 
stored in computer memory by the pacing computer. Data 
from the stored digitized endocardial signal could be subse- 
quently recalled for confirmation. 
7%rcsizold \~YIY &tertnined by decreasing pacing ampli- 
tude from a programmed starting amplitude. in 0. I V steps. 
every one to three beats (computer-controlled) until capture 
was lost. This permitted rapid determination of pacing 
threshold, typically within 2 to 3 s. For example. with a 
starting amplitude of I V and a paced cycle length of 250 ms. 
a threshold amplitude of 0.4 V could be reached in 6 x 250 
rn\ or I.5 s. The voltage at which capture was first lost was 
defined as the threshold. 
Protocol. After completion of the animal preparation. 
arterial blood was obtained for determination of arterial pH, 
PO, and partial pressure of carbon dioxide (Pco2) by a 
commercial analyzer (Corning pHiblood gas analyzer, model 
16512). Pacing was initiated, and after an equilibration period 
of 5 min. control threshold was determined three to six times 
at I min intervals to assess threshold stability. Ventricular 
fibrillation was induced by progressively more rapid right 
ventricular outflow tract pacing at twice diastolic threshold 
and a pulse width of 2 ms, delivered through the quadripolar 
catheter by a programmable stimulator (Bloom, DTU 201). 
Transthoracic defibrillation. We studied the effects of 
transthoracic defibrillation in 12 dogs at stored energy levels 
of 125. 250 and 400 J (delivered energies of 102 t 5. I98 ? 3 
and ?I I 5 I J. respectively). Defibrillation was performed 
after 5. 15, 30. 45. 60 or 120 s of fibrillation by a capacitor- 
storage defibrillator (PhysioControl, model 640) through 
standard (57 cm’) defibrillator paddles positioned on the 
lateral aspect of the shaved thorax. If initial defibrillation 
was unsuccessful, subsequent rescue shocks were delivered 
as quickly as possible. Pacing threshold was determined 6. 
15. 30. 60. I20 and 300 s after successful defibrillation. An 
arterial sample was obtained 5 min after successful defibril- 
lation. After arterial blood pressure had returned to a stable 
level. at least 5 min were allowed for recovery between 
fibrillation/defibrillation trials. All dogs underwent multiple 
trials. 
Itt tlirw ttirrls (SIX dogs). a synchronized discharge (400 J 
stored energy) was delivered during ventricular pacing (at an 
amplitude 0.1 to 0.4 V higher than threshold). Subsequent 
pacing thresholds were determined as already described. 
Internal defibrillation. The effects of internal defibrilla- 
tion were assessed in four dogs. The protocol was as already 
described except that defibrillation shocks of IO, 20 or 40 J 
were delivered through the epicardial defibrillator patches by 
an internal defibrillator (Intec. ECD-APU). 
Internal defibrillation during cardiopulmonary bypass. 
The elects of prolonged ventricular fibrillation (up to 2 min) 
were assessed during normothermic cardiopulmonary by- 
pass in another four dogs. Animals were prepared for the 
delivery of internal defibrillation shocks through epicardial 
patches as described. Cardiopulmonary bypass was insti- 
tuted. Perfusion pressure, pump flow and perfusate oxygen 
content uere adjusted. After a IO min equilibration period. 
fibrillation was induced as already described. After fibrilla- 
tion of either 1 or 2 min duration. defibrillation (10, 20 or 40 
J) was performed through the epicardial patches and pacing 
thresholds determined. 
Statistics. All data are presented as mean values t SEM 
unless otherwise indicated. Differences in threshold were 
assessed with use of a t test for paired data. 
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Figure 2. Increase in pacing threshold (measured 6 s after defibril- 
lation) versus duration of ventricular fibrillation (VF) (semiloga- 
rithmic plot) in five trials. Log Y = 0.03 (X) - 1.3 (r = 0.99; p = 
0.001). 
t I .05 VI after fibrillation of 60 s duration (5 dogs, 7 trials). 
The increase in pacing threshold determined 6 s after defi- 
brillation appeared to be an exponential function of the 
duration of ventricular fibrillation (Fig. 2). Forty-six percent 
of 22 trials after fibrillation of 30 s duration were associated 
with an increase in pacing threshold >O. 16 V. This increased 
to 75% of 12 trials after 45 s of ventricular fibrillation and 
100% in all 7 trials after 60 s of fibrillation. 
In trials where pacing threshold was increased 6 s after 
defibrillation, threshold returned rapidly to normal. Mean 
threshold was not significantly different from control by 30 s 
after defibrillation with any duration of ventricular fibrilla- 
tion. Mode of defibrillation delivery and energy did not 
appear to influence these results. 
Defibrillation during cardiopulmonary bypass. Cardiopul- 
monary bypass (in four dogs, 14 trials) prevented an increase 
in pacing threshold after defibrillation, even in trials where 
ventricular fibrillation was up to 2 min in duration. No 
increase in threshold was observed if PO? of the perfusate 
was 2 100 mm Hg, even if the perfusion pressure was as low 
as 25 to 50 mm Hg. When both perfusion pressure (~60 mm 
Hg) and perfusate PO? pressure (~80 mm Hg) were reduced, 
an increase in pacing threshold after prolonged fibrillation 
was observed (Table I). 
Discussion 
Effects of defibrillation on pacing threshold. In this study, 
we demonstrated that there are no significant changes in 
pacing threshold as a result of defibrillation, provided that 
defibrillation is accomplished within 5 s from the onset of 
fibrillation. In none of 1.5 trials was there a significant 
increase in pacing threshold. Additionally, when defibrilla- 
tion was delivered during ventricular pacing, there was no 
increase in pacing threshold. In these trials, pacing ampli- 
tude was fixed at an amplitude slightly above control thresh- 
old. This technique permitted very rapid (within one beat, or 
250 ms) detection of even small increases in pacing thresh- 
old. The lack of effect when defibrillation is delivered during 
pacing or after short episodes of ventricular fibrillation and 
the progressively greater increases in apparent threshold 
after longer episodes of fibrillation suggest that it is the 
duration of fibrillation that increases threshold and not 
defibrillation itself. Finally. the observation that ventricular 
fibrillation up to 2 min in duration is not associated with an 
increase in pacing threshold if coronary perfusion is main- 
tained by cardiopulmonary bypass supports the view that it 
is tissue hypoxemia consequent to ventricular fibrillation 
that increases pacing threshold. These findings are not 
surprising because myocardial hypoxemia has been shown in 
other studies (IO) to be associated with an increase in pacing 
threshold. 
Comparison with other studies. Our data are in conflict 
with several previous studies (7,8). Rubin et al. (8) observed 
a significant increase in pacing threshold in nearly all of their 
trials at 6 s after defibrillation. The defibrillation counter- 
shock was delivered 16 s after the onset of fibrillation in their 
experiments. We observed increases in threshold in rela- 
tively few (approximately 25%) trials after this duration of 
fibrillation. However, an important difference between the 
study of Rubin et al. (8) and our study was electrode 
configuration. They studied an endocardial bipolar lead 
configuration using two widely spaced endocardial elec- 
trodes, one of which was used as a component of the 
defibrillation system. Our results are limited to bipolar 
endocardial pacing through leads independent of the defibril- 
lation system. This is an important methodologic difference, 
as documented by Yee et al. (9), who observed significant 
increases in stimulation threshold when the countershock 
catheter was used as the pacing catheter. but not when 
pacing from a remote site. These investigators suggested that 
the increase in pacing threshold could be due to 1) the effects 
of electrode polarization at the electrode-tissue interface, 2) 
transient separation of the electrode from myocardium be- 
cause of gas bubble formation, or 3) endocardial electrical 
injury at the electrode-myocardial interface. With a bipolar 
pacing configuration distinct from the defibrillating elec- 
trodes, endocardial injury and gas bubble formation are 
unlikely. Our data imply that the effects of electrode polar- 
ization are minimal. 
Rubin et al. (8) also studied an epicardial unipolar pacing 
system. Unipolar pacing may be more sensitive to defibril- 
lation and may be associated with an increase in pacing 
threshold under conditions in which no increase is seen with 
bipolar pacing. Levine et al. (6) reviewed seven patients with 
a unipolar pacemaker in whom transient loss of capture or 
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sensing, or both, was observed after electrical cardiover- 
sion. The increase in unipolar threshold pacing may be a 
result of localized tissue damage at the electrode-myocardial 
interface as a result of the large amount of energy delivered 
to the unipolar pacing lead. 
We found no apparent correlation between defibrillation 
energy and subsequent pacing threshold. Although Slepian 
et al. (5) reported that time to pacer capture was related to 
delivered defibrillation energy in a patient with an implanted 
defibrillator, fibrillation duration was longer before the 
higher energy defibrillation. According to our data, it is the 
difference in fibrillation time that is most likely responsible 
for their observations. 
In our study, pacing threshold was determined with 
decrementing stimuli during constant rate pacing. This tech- 
nique was utilized to minimize the effect of postcardiover- 
sion bradycardia. Determination of pacing threshold using 
incremental stimuli might have identified a higher pacing 
threshold (1 I); however, this would not affect the validity of 
our observations. 
Clinical implications. Observed changes in bipolar pacing 
threshold after defibrillation are an exponential function of 
fibrillation duration, but are modest for durations of 10 to 15 
s. This is the duration of ventricular fibrillation expected 
with the currently implanted automatic implantable cardio- 
verter defibrillator if successful in the initial attempt at 
terminating ventricular fibrillation. More prolonged fibrilla- 
tion might be expected if the first discharge is not successful. 
In these situations, clinically significant increases in thresh- 
old can be expected, which may be a problem if postconver- 
sion bradycardia occurs. 
Conclusions. Defibrillation did not have a significant ef- 
fect on pacing threshold. However, the duration of the 
preceding ventricular fibrillation was related to the change in 
pacing threshold shortly after defibrillation. On the basis of 
our data, it appears that demand pacing after defibrillation 
may be best accomplished by adaptive bipolar pacing, with 
pacing amplitude increased until capture occurs. 
We are indebted to Holly Caller for her capable technical help, and to Pamela 
Bland for secretarial assistance. 
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